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Abstract  
Leisure travel holds an important share on the overall amount of travel. However, efforts in transport 
planning to approach and explain leisure travel were rather small for a long time. In order to measure the 
latter, a sub-community of researchers began to use the methods of social network analysis in the last ten 
years. One data collection approach is the study of connected personal leisure networks by using the 
personal network approach in an extended survey framework. This dataset and a network generation 
approach can be employed to generate a population-wide leisure network. 
The paper introduces both the survey and the network generation approach. Its main aims are descriptive 
analysis of leisure network data, and specification and estimation of a utility-based friendship-decision 
model that constitutes the core of the approach. Results offer insights into the decision of who is in contact 
with whom and which combinations of attributes either have an increasing or decreasing effect on the 
utility of a leisure relationship. They allow an implementation of social networks in agent based travel 
demand simulations and with that the consideration of a relevant behavioural pattern in the simulations, 
which results in a more detailed understanding of leisure trips. In this sense the paper presents highly 
necessary work, which is to our knowledge novel and unique, not only to the field of transport planning. 
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1. Motivation 
Social travel, predominantly undertaken for leisure purposes, holds an important share on the overall 
amount of travel, at least in western societies. In Switzerland it is even the dominant travel segment in 
terms of miles travelled and time spent on trips (Larsen et al., 2006; also see Kowald et al., 2009). 
However, efforts in transport planning to approach and explain leisure travel were rather limited for a long 
time which can partly be explained by the fact that it follows different patterns than other forms of travel 
and is much more influenced by external factors like weather conditions and social relationships. In order 
to measure the latter, a group of researchers began to use the methods of social network analysis in last ten 
years. Their studies focussed on challenges in terms of data collection, on basic patterns of social networks, 
like network size, density, contacts’ spatial spread, and mode specific communication frequencies 
(Ohnmacht and Axhausen, 2005; Larsen et al., 2006; Carrasco, 2006; Silvis et al., 2006; Frei and Axhausen, 
2007; Van den Berg et al., 2009). These studies produced first empirical insights on the link between social 
contacts and leisure behaviour. However, one major challenge remained unanswered: None of these 
projects addressed the ‘global’ leisure network within a given population. Nevertheless, knowledge about 
this population wide structure is crucial to implement a leisure network in agent based travel demand 
simulations and to allow a consideration of leisure contacts’ influence on individual activity travel 
behaviour. 
In the last three years the Institute for Transport Planning and Systems of ETH Zurich collected data on 
connected personal leisure networks by using the personal network approach in an extended surveying 
framework. Employing an ascending sampling strategy, called snowball sampling, resulted in a picture of 
the population-wide Swiss leisure network, in which the personal networks are embedded (Kowald et al., 
2012). Data of the sampled network were used to generate a synthetic population-wide network for 
Switzerland (for details on the network generation approach see Arentze et al., 2012). The resulting Swiss 
leisure network is presented and analysed in this paper in terms of descriptive statistics as well as a utility 
based decision model informing about who is in contact with whom. Results allow an implementation of 
social network generation in agent based travel simulations and help to address the challenge of answering 
the question of how leisure contacts influence leisure travel behaviour. 
The paper briefly introduces the necessary steps to generate a population wide network. Section 2 gives an 
overview on the network generation approach. Section 3 reports about a sample on connected personal 
leisure networks in Switzerland. Statistical figures from this sample were used in the network generation 
approach. An additional dataset, which is employed to simulated encounters between pairs of actors is 
introduced in section 4. Next, a utility-based decision model informs about preferences in establishing 
social contacts with others in section 5. Finally, conclusions and suggestion for further research efforts are 
drawn in section 5. 

2. Generating a population wide leisure network 
In this section, we briefly describe the network generation approach the authors developed in previous 
work (Arentze et al. 2012). The core of this approach is a friendship tie formation model. The model 
predicts the probability that for any pair of persons from a (nation-wide) population a friendship-tie exists. 
A tie is assumed to be a two-sided relationship between two persons (if person i is a friend of j then j is also 
a friend of i). Employing a random-utility-maximization framework (RUM), the utility of a tie between two 
persons i and j is defined as: 
 

  (1) 

 
where Uij is the utility of a tie between persons i and j, and Vij

Q and Vij
D are structural utility components 

related to homophily (Q) and geographic distance (D). Homophily refers to a well-known tendency where 
individuals display a preference to engage in a friendship with others they are similar with. Geographic 
distance is responsible for a second well-established tendency: everything else equal, the larger the distance 
between (home locations of) persons the smaller the probability that a tie exists. Although in reality 
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perceptions may differ, the model presently assumes that the utility is the same for the two persons, i.e. Uji 
= Uij. Apart from utility, the opportunities to meet and costs of maintaining the relationship are taken into 
account by assuming a utility threshold for each person involved. Thus, the probability of a tie between 
persons i and j is modelled as:   
 

  (2) 

 
where uij and uji are threshold values for person i and person j, respectively, regarding the tie. Using the 
largest of the thresholds of the two persons reflects the notion that the friendship should be worthwhile for 
both persons.  
The threshold accounts for an actor’s limited resources in time and money to join others in activities and, 
on the other side, it accounts for limitations, in e.g. spatial proximity or mobility tools, to meet others. 
Apart from costs and opportunities, the thresholds also capture the probability that the two persons actually 
meet in a setting where they have an opportunity to develop a friendship tie. On this level another 
well-known tendency in social networks –transitivity– is accommodated in the model. Transitivity is the 
phenomenon that the probability of a tie between any two persons increases when the persons have a friend 
in common. The model assumes that the presence of a common friend increases the probability that the two 
individuals meet (e.g., at the birthday party of the common friend). Formally: 
 

  (3) 

 
where ui

o is the basic value of the threshold, Cij is a binary variable indicating whether or not i and j have a 
common friend and θ ≥ 0 is a parameter representing the increased probability of a (real) meeting. 
In sum, the three structural utility components in the model – Homophily, Geographical distance and 
Transitivity –are well known to have a strong influence on tie formation. Associates often show similarities 
in both socio-demographics and behaviour, whereby the model exclusively focuses on 
socio-demographically defined status homophily (McPherson, 2001, also see Steglich and Snijders, 2010). 
Geographical distance captures the opportunity of getting known to each other in a spatial way (as well as 
time would in a temporal way) (Carrasco, 2006; Mok et al., 2007; Frei and Axhausen, 2007). Furthermore, 
there is an above average probability for two people who share a friend to become friends as they have 
increased chances of getting in touch with each other, e.g. at a birthday party of their common friend (Scott, 
2007; Christakis and Fowler, 2009). 
The friendship-tie model is used to generate a population wide network by simulating encounters between 
all individuals within a given population. In the simulation, all possible encounters between pairs of actors 
are considered. For each simulated encounter, a binary logit formulation of the friendship model is used to 
compute the probability that a friendship exists and a decision is made using Monte-Carlo simulation. 
A special treatment is necessary to include the transitivity component in the simulation. An iterative 
simulation approach is suggested to account for the effect of common friends. In the first round of the 
simulation so called primary ties between actors are established as described above without referring to the 
transitivity component of the utility model (i.e., assuming θ = 0). Once this step is completed secondary 
ties are added (i.e., assuming θ > 0). These relations are exclusively simulated between those actors that 
share a social contact. In principle, this second step could be repeated (at least) once more as adding 
secondary ties changes the network topology, which means new possibilities for adding secondary tries. 
This could be an interesting approach to model tie dynamics in time but, however, is not in the focus of the 
present paper. 
As shown in Arentze et al. (2012), the model can be estimated using maximum likelihood estimation based 
on observations of personal networks of a sample of individuals (egos), provided that the sample is 
complemented with population sample data. Personal networks provide only information about positive 
outcomes of decisions (persons with whom a tie exists). The population sample data provide in addition 
information of negative outcomes (persons with whom no tie exists). The authors show that a relatively 
small sample of negative observations suffices for obtaining reliable estimates. By weighting the negative 
observations with the inverse of the sample fraction the threshold constants can be estimated as well. In 
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terms of the delta parameter, however, a complication is that a distinction between primary and secondary 
ties is not observed (and even ill-defined outside the model context). The authors, therefore, suggest to 
estimate the model assuming θ = 0 and then use a calibration approach to estimate θ and fine-tune the 
threshold constant. The calibration is based on reproducing the known average degree of personal networks 
and a known transitivity index of the whole (nation wide) network. 
In summary, generating a population-wide network involves the following steps: 1) estimating the 
friendship model based on a sample of ego networks and complementary population sample data, 2) 
calibrating the threshold constant and delta parameters based on simulation and 3) applying the final model 
to generate the population-wide network. In the mentioned study, the authors considered a very basic 
specification of the friendship model to test the methodology. In the next sections, we will focus on the first 
step and develop a more elaborated friendship model and discuss the results of estimation on the snowball 
sample.  
 

3. Data on the population wide Swiss leisure network 
A survey study collected information on connected personal networks between 2009 and 2011.  The 
survey method and a descriptive analysis of the data are briefly introduced below. 

3.1. Collecting data on connected personal networks 
Former survey studies in transport planning that used the methods of social network analysis focussed on 
personal networks and exclusively surveyed information on isolated network components. A network 
component is by definition a structure in which every node is linked to every other node directly or 
indirectly whilst there are no connections between different components (Wasserman and Faust, 2007). In 
terms of personal networks this means that each respondent and her social contacts form a component. 
Overlaps between these structures, which would occur if a social contact was shared by two respondents or 
if one respondent mentioned another as an associate, were not observed in any former study in transport 
planning. An exception is the study by Silvis et al. (2006), in which the survey team focussed on connected 
personal networks. However, due to problems in the recruitment process the survey did not work very well 
and results were rather limited. 
Overcoming the limitation of isolated personal networks was the aim of a survey study being conducted at 
the Institute for Transport Planning and Systems (IVT) of ETH Zurich between 2009 and 2011. This goal 
was achieved by employing an extended surveying framework, called snowball sampling, to collect data on 
connected personal networks and get information on the underlying global network structure in which 
personal networks are embedded. The method uses respondents’ information on their social contacts as the 
basis for further recruitment. Before this approach is explained in detail it is necessary to introduce the 
survey instrument briefly. 
A paper-based questionnaire contained four topics: First, it asked for respondents’ characteristics (e.g. 
socio-demographics). Next, two name generator questions were asked. Employing name generators is a 
technique to survey information on personal networks. By definition, a name generator is a question asking 
respondents to report a specific part of their entire social network. It offers stimuli to focus respondents on 
that part of their entire social network that is of interest for a study. Literature on name generators 
recommends the use of at least two questions to support respondents’ memory processes and survey the 
network of interest as completely as possible (Marin, 2004; Marin and Hampton, 2007). The name 
generators of the present study were: 

1) Please list the people with whom you make plans to spend free time (Examples: errands, sports, 
club or organized activities, cultural events, cooking together or going out to eat, taking holidays 
or excursions together). 

2) If there are other people with whom you discuss important problems, please list them here. 
The questionnaire allowed respondents, which are in terms of personal networks also referred to as egos, to 
write down a maximum of 40 social contacts, also refered to as alters. Egos were not asked to mention 
alters which fit in both categories twice. Therefore multi-relational analyses are not possible. Third part of 
the survey instrument was a name interpreter asking egos to provide details on each alter mentioned in the 
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name generator (e.g. socio-demographics). Finally, a sociogram asked respondents to report groups of 
alters making plans to spend free time together. This information enriches the ego – alter relations reported 
in the name generator as they can be used as a proxy for alter – alter relations. In terms of graph theory 
each of the reported groups from the sociogram is considered as a clique, a fully connected sub-graph 
within a personal network structure. The sociogram provided space for 20 groups at maximum (for more 
details on the survey instrument see Kowald et al., 2012). 
Snowball sampling enlarges the aim of using name generators exclusively to collect information on certain 
kinds of contacts. It is an ascending sampling strategy: Respondents’ information on their social contacts 
(e.g. names and postal addresses) are used to recruit further participants. As recruitment can be understood 
as a chain where former respondents mention later ones, snowball sampling belongs to the family of link 
traced sampling techniques. In addition to the usual recruitment some extra efforts have to be taken. One is 
that all names of social contacts have to be checked for re-identification to avoid re-sampling. To start the 
snowball chains, 40 initial respondents, also referred to as seeds, were recruited from a stratified random 
sample of the Canton Zurich population. For 20 seeds chains were continued up to iteration 2 egos 
(mentioning iteration 3 alters). The remaining 20 chains were continued up to iteration 4 egos (mentioning 
their iteration 5 alters). Researchers neither limited the chains geographically, nor by any institutional 
setting or contact mode. An exception were iterations 4 and 5 where the sampling approached was changed. 
Here, only alters which were living in the German speaking part of Switzerland were asked for 
participation. Because the sample was already highly clustered in this area, this change aimed to obtain an 
even denser picture of leisure relations in the sub-population under consideration. 
 

 
Figure 1: An illustration of a three-iteration snowball chain (Kowald and Axhausen, 2012). 
 
Offering the advantage of collecting information on connected personal networks, which allows inferences 
on a network’s coherence on a global level, is in case of snowball sampling countered by the disadvantage 
of several sources of bias (see Coleman, 1958; Erickson, 1979). Low response rate and selective response 
are two potential risks. The study employed arrangements to increase response rate and decrease bias from 
the survey method, which worked well (for detailed information on the sampling strategy, - protocol, and 
measures to decrease bias see Kowald and Axhausen, 2011a). A response rate of 26% was reached 
(calculated as the RR1, valid addresses divided by participants, as suggested by AAPOR (2011)). In all, the 
snowball study collected information from 743 respondents (including those that did not report any social 
contacts) that reported around 15’593 leisure contacts. Overlaps between personal network structures are, 
on the one side, due to the sampling strategy and, on the other side, due to additional connections, which 
occur when two respondents shared a leisure contact by chance. 

3.2. Descriptive analysis of the leisure network data 
An overview on the snowball data that were considered for analysis is provided in table 1. In order to avoid 
bias resulting from the heavily skewed distance distribution between people a cut-off criterion had to be 
defined. The majority of empirically observed distances between egos and alters is short (median = 59.85) 
and as the research focus is on a population-wide network, only people living within Switzerland were 
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considered for analysis (which is an important difference in comparison to the paper of Arentze et al. 
(2012) where a cut-of point of 800 km distance was used).  In this way also missing values on alter 
characteristics could be circumvented as no additional information on home locations was available for 
alters outside Switzerland (e.g. whether a person is living in an urban or rural area). After data cleaning 430 
egos reporting 6546 alters remained in the sample. Also including the alter-alter relations from the 
sociogram resulted in 9433 leisure relations. An average personal network structure includes 16.7 social 
contacts with a standard deviation of 12.3. Around 62% of all associates have the same gender and around 
46% the same age (defined in classes: <23, 24-37, 38-50, 51-65, >65 years). Table 1 provides a descriptive 
overview on selected results by distinguishing between ego-alter and alter-alter ties. Only the ego-alter 
relationship observations are used to estimate the friendship-tie model. Even though the sample size is large 
and the dataset rich, it should be kept in mind that it results from snowball sampling and does not meet the 
criterions of a random sample. Therefore bias in the statistical network properties is possible. However, the 
rich dataset can be considered as representing a fair chance to meet the properties of the population-wide 
Swiss leisure network. 
 
Table 1: Personal networks’ characteristics 

 Ratio of same… Distance (km) Leisure contacts 

n age gender mean SD 

Ego-alter 6546 0.526 0.659 20.240 4.327 

Alter-alter 2887 0.426 0.565 22.991 9.912 

All 9433 0.495 0.631 21.082 13.437 

 

4. Complementary sample data about the Swiss 
population 

To estimate the friendship formation model sample data of the population studied are needed to provide 
negative observations of ties. Surveying data on the Swiss population in a five years term and representing 
the characteristics of the target population makes the Swiss Micro-census on Mobility and Transport 
(MZMV) a good choice for this purpose (we use the data from 2005, see BFS and ARE, 2007). For 
calculating the log likelihood function a weighted random sample of 100 persons was drawn for each 
observed ego from the dataset. This seems to be a small sample size to talk of a Swiss-wide leisure network 
(the Swiss population is around 8 million people) but appears to be sufficient for obtaining reliable 
estimates of the parameters (Arentze et al., 2012). 
In order to analyse the Swiss-leisure network the sample has to provide information on selected personal 
characteristics that can be assumed to have influence on the decision on whether two actors either 
established and maintained a leisure relationship or not. Therefore, all characteristics that are present in the 
snowball sample on both sides, egos and alters, as well as in the Swiss Micro-census are included. To 
explain the presence or absence of a leisure relation between a pair of actors the following 
socio-demographics can be employed: Sex (male, females), age in five categories (younger than 23 years, 
23 to 36 years, 37 to 49 years, 50 to 64 years, 65 years and older), education in three categories (mandatory 
school, apprenticeship, university degree), civil status (living with a partner or without), size of home 
municipality in three categories (city, town, rural municipality), language in three categories (German, 
French, Italian). In addition, log-distance between the home locations can be employed on a metric scale. 
Table 2 provides an overview on the influence of status homophily, the similarity between two actors’ 
socio-demographics, on tie-formation. 
Missing values were imputed employing a form of a hot deck approach to avoid changes in the inner 
variable distribution. Dividing between the two cases of whether a relationship is present or not and 
employing the characteristic of the significant other person in a specific encounter, the distribution of the 
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variable where a missing occurred was used as the basis for a Monte Carlo-simulation (e.g. if the 
educational level of an alter was missing, the ego had a primary education, and ego and alter had a 
relationship the imputation was based on the distribution of alters’ educational levels for all those alters 
who had a relationship to an ego with primary education). Employing this approach aimed to replace 
missing values by keeping variables’ distributions unchanged and to avoid losing whole observations in the 
process of modelling. Finally, weights for the encounters were calculated to balance the occurrence of too 
many relationships in the sample, which results from the fact that encounters are simulated for a sample but 
not for the entire Swiss population. 
Clearly it can be seen that similarities in characteristics increase the probability of observing a leisure 
relationship or, contrarily, that dissimilarities increase the probability that a tie is absent. An effect can be 
seen for language where the increase in tie formation is around 96% when actors belong to the same 
language region. This is intuitive as language barriers are well known to act as separators. Another effect 
can be seen for age where the overall probability to observe a tie is 5% higher if actors belong to the same 
age class. In addition, the decrease of tie probabilities follows an exponential decay function: The decrease 
is less steep the more age categories are between the two actors who are involved in an encounter. Also the 
size of the home municipality shows a homophily-effect. The probability of observing a tie between actors 
from municipalities of similar sizes is nearly 15% higher than the probability for actors from municipalities 
of different sizes. Furthermore there are high homophily effects for gender and civil status and a somewhat 
smaller one for educational level. 
 
 
Table 2: Similarities between personal characteristics and their impact on tie formation 
Similarity of actors’ characteristics Tie present [%] Tie absent [%] 

Same gender 65.9 49.8 

Different gender 34.1 50.2 

Same civil status 66.5 46.7 

Different civil status 33.5 53.3 

Same language 98.2 74.4 

Different language 1.8 25.6 

Same age 52.5 18.0 

Age difference of one category  30.4 32.5 

Age difference of two categories 14.3 27.2 

Age difference of three categories 2.12 15.4 

Age difference of four categories 0.8 6.8 

Different age (overall) 47.5 82.0 

Same educational level 56.8 41.3 

Educational level difference of one category 40.3 50.1 

Educational level difference of two categories 2.89 8.7 

Different educational level (overall) 43.2 58.7 

Same status of home municipality 57.6 34.9 

Different status of home municipality by one category 36.3 50.0 

Different status of home municipality by two categories 6.06 15.1 

Different status of home municipality (overall) 42.4 65.1 
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Figure 2 shows the impact of spatial distance on tie formation. Clearly, actors living close to each other 
have a better chance to establish and maintain a relationship. Besides this tendency there is a huge amount 
of variance in the data. As earlier investigations have shown long distance relationships are also often long 
term relationships where one actor moved away at some point in time. Those ties often have a good chance 
to be maintained (see Kowald 2011b). 

 
Figure 2: Tie formation and distance 
 
The results from the descriptive analysis show that the variables considered have a direct or indirect impact 
on the decision of whether a leisure relationship is established and maintained or not. Furthermore, it can be 
assumed that there are various influential interaction effects. To detect hidden effects and quantify their 
influences relationship decisions are modelled within a discrete choice framework in the next section. 

5. Modelling decisions on leisure relationships 
Discrete choice modelling is used in many scientific fields, e.g. environmental planning, marketing, 
transport planning, and social network analysis (see Ben Akiva and Lerman, 1985; for more details on the 
history of discrete choice in transport planning see Hensher and Green, 2003, for an investigation where the 
social position in a network structure is considered to analyse decisions see Paez, Scott and Volz, 2008). 
Basically, the underlying theory assumes that actors take decisions by judging between alternatives. These 
alternatives are not independent from but mutually influenced by each other. Which alternative an actor 
chooses depends on her personal preferences and characteristics of the alternative specific setting, e.g. the 
environmental framework of a decision as well as resulting generalized costs in e.g. time and money. 
Multi-nomial logit (MNL) and related types of decision models (nested logit (NL), cross nested logit 
(CNL), as well as model formulations that allow for taste heterogeneity like the mixed multi-nomial logit 
models (MMNL) or latent class models) rely on the economic principle of utility maximization. They 
calculate the utility of each alternative, which on its side can be used to estimate the probability that a 
certain alternative is chosen. Unlike a logistic regression model allows MNL-modelling to formulate an 
individual utility function for each choice alternative (see Ben-Akiva and Lerman, 1985; Train, 2009). 
In case of the present investigation the bivariate alternative of a leisure relationship being present or absent 
between pairs of actors is explained by similarities of their socio-demographics (sex, age, educational level, 
civil status, size of home municipality, and language region), by the distance between them, and interaction 
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effects between distance and socio-demographics or amongst the socio-demographics themselves. In 
general, the socio-demographics of an actor pair are considered in relation to each other, which allows to 
employ two kinds of variables on the independent site of the model: First, there are variables which inform 
about characteristics that are fulfilled by at least one of the two agents (e.g. at least one of them is a female) 
and, second, there are variables that inform about socio-demographical homophily or heterophily of an 
actor pair (e.g. both actors belong to the same age group or there are two age groups difference between 
them). Given this extensive set of attributes of the utility function, only a constant was estimated for the 
threshold factor (and, as said, the delta parameter was set as θ = 0). The resulting parameter estimates allow 
a calculation of the probability of a leisure relationship between any pairs of actors that interact in an agent 
based travel simulation provide that the threshold and delta parameter are first calibrated in a simulation. 
Model development started with MNL-formulations including a weighting factor to re-scale the sample to 
the population level. It continued with mixed model formulations allowing for fixed as well as random 
coefficients to account for individual differences in taste or preferences. In current software for maximum 
likelihood estimation of mixed models the weighting factor cannot be employed meaning that the threshold 
parameter cannot be estimated correctly (note: estimates of attribute parameters should still be consistent). 
A panel correction was used in the mixed models to account for unobserved attributes in varying network 
sizes between the agents. Whenever a model was extended a potential improvement in model fit was tested 
with a likelihood ratio test. Parameters remained in the model when they improved the model fit, and had a 
large and significant impact (the 95% confidence interval was used as a frontier rather than a boundary). 
The model that best fits the data is a mixed formulation allowing for variation of the distance parameter. A 
model summary is provided in table 3. 
The threshold for non-existing relationships is estimated positively. However, as mentioned above, it is not 
estimated correctly, for which the estimation result is not discussed in detail here. Focussing on the utility 
of leisure relationships we see a major influence in terms of model and parameter size of the logarithmic 
distance between two agents. The parameter itself is negative. So, on average, the utility of a leisure 
relationship strongly decreases with an increasing distance between two agents. However, the significant 
parameter for the variation of the average distance parameter shows that some actors care more about 
distance (utility decreases more than average) than others. In all, the distance effect is normally distributed 
with mean -3.72 and standard deviation -0.917. 
Whenever a pair of actors shares a socio-demographical characteristic the utility value for a relationship is 
positive. This effect is strong for age, medium for gender, and rather small for education, civil status, and 
size of home municipality. Testing language homophily resulted in an insignificant parameter estimation, 
which is related to the fact that the vast majority of agents are from the German speaking part of 
Switzerland. Furthermore, variables for multidimensional homophily relationships were tested (e.g. an 
actor pair has the same age and sex). However, none of these combinations had a significant effect. 
Heterophily was tested for age whereby the category of a one-class age difference was used as the basis for 
comparisons. According heterophily parameters for more than one age-class difference have negative 
utility values. So, the utility of a leisure relationship decreases when the involved actors are not of the same 
age. The decrease is not monotonic. Four age-classes difference seems to be less negative than a difference 
of three age classes. A different effect is observed for education. Again, homophily increases the utility of a 
leisure relationship, but, in addition, this is also true for the heterophily effect, which means that the effect 
of heterophily depends on the characteristic under consideration. An explanation might be that whilst age 
cannot be influenced in course of peoples lives this is not true for the educational status. A change in 
educational level might come hand in hand with the possibility for establishing new contacts (as 
educational establishments have to be visited together with others) without the necessity of abandoning old 
relationships. Furthermore, family relationships between parent and child might explain the non-monotonic 
trend of decreasing utility scores with an increasing dissimilarity, which we see for education as well as age. 
In addition to the estimation of fixed parameters all variables informing about homophily were tested on 
random effects. However, none of these effects increased the model fit. 
Focusing on parameters for socio-demographics, which are met by at least one of the two actors shows 
positive utility values for all age dummies. In comparison to pairs of actors with at least one person in age 
class two (23 - 36 years), which includes people who are likely to set up families or push their careers, are 
utility values increased when at least one person belongs to any other age class. Furthermore, the positive 
utility value is smallest for age class one (< 23 years) and it is decreased for relationships including at least 
one person of age class five (> 65 years) in comparison to people in age classes three and four (37 – 64 
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years), who have a higher base utility. This could be related to the phase in peoples’ careers. In terms of 
education, where an academic degree is the reference category, negative utility parameters for relationships 
including at least one person of one of the first two education classes are estimated. This negative value 
decreases with an increasing educational level. According to the literature this is related to peoples’ status, 
showing persons with higher income, education, or job positions being more attractive to others and 
therefore more often reported in name generators (e.g. see Wolf, 2004; Marsden, 2005). Pairs of actors that 
include at least one woman have a higher utility score than relationships in which at least one actor is a man. 
In addition, utility scores are higher if the relationship includes at least one person from a sparsely 
populated municipality in comparison to relationships including at least one city inhabitant. This could be 
related to the fact that densely populated urban areas provide more opportunities for leisure contacts, which 
also means that more encounters result in a rejection of a possible leisure relationship. This pattern is 
different if there are only few people living close by in a rural environment. 
In addition, some significant interaction effects were found. The combination of age and distance suggests 
that the negative utility for an increasing distance decreases for relationships including persons from higher 
age classes. These people might have more time and leisure to maintain long distance relationships. The 
other effects are more or less isolated from each other and an interpretation is hard to give. However, they 
are a substantial part of the model and therefore they are reported in table 3. 

Table 3: A decision model on leisure relationships 
Parameter Value t-value 

Alternative non existing leisure relationship   
Threshold 2.02 8.36 
Alternative existing leisure relationship   
Fixed effects   

Homophily or heterophily in…   
same gender [yes/no] 1.150 23.05 

same age [yes/no] 2.270 30.29 

age difference of two levels [yes/no] -0.342 -5.63 

age difference of three levels [yes/no] -0.953 -8.66 

age difference of four levels [yes/no] -0.539 -3.02 

same educational level [yes/no] 0.861 6.77 

educational level difference of one category [yes/no] 1.300 10.07 

same levels of civil status [yes/no] 0.341 8.40 

same levels of home municipality [yes/no] 0.696 12.75 

At least one actor is…   

of age level 1 (< 23 years) [yes/no] 0.820 4.58 

of age level 3 (37 - 49 years) [yes/no] 1.320 8.15 

of age level 4 (50 - 64 years) [yes/no] 1.570 19.87 

of age level 5 (> 65 years) [yes/no] 1.190 6.64 

of education level 1 (mandatory school) [yes/no] -2.000 -18.20 

of education level 2 (apprenticeship) [yes/no] -0.770 -4.68 

a female [yes/no] 1.530 17.52 

of urban level 2 (town) [yes/no] 0.906 13.97 

of urban level 3 (rural municipality) [yes/no] 1.300 12.04 
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Table 3: continued 
Parameter Value t-value 

Fixed effects   

Interaction effects: Distance and at least one actor is of...   

age level 3 * distance [log(KM)] -0.516 -5.81 

age level 5 * distance [log(KM)] 1.090 11.92 

education level 2 * distance [log(KM)] -0.783 -7.94 

Dummy interaction effects: At least one actor is of... and the 
same or the other actor is of… 

  

age level 1 * education level 2 [yes/no] -0.961 -5.30 

age level 3 * education level 1 [yes/no] 0.831 6.42 

age level 3 * education level 2 [yes/no] 0.783 7.50 

age level 5 * education level 2 [yes/no] -0.626 -5.67 

age level 5 * female [yes/no] -1.040 -9.47 

urban level 3 * education level 2 [yes/no] -0.322 -2.91 

Random effects   

Distance [log(km)] -3.720 -32.45 

Distance standard deviation [log(km)] -0.917 -26.50 

Adjusted Roh2 0.724  

N 50’167  

6. Conclusions and outlook 
The paper briefly introduced a sample on connected personal networks. Descriptive figures from this 
sample provided insights on relevant characteristics of a population wide leisure network. These figures 
were employed in a network generation approach to simulate encounters between actors. In order to do so a 
second sample has to be employed, which, in the case of the present paper, was the Micro-census 
Switzerland on Mobility and Transport (MZMV). Applying the network generation approach to this sample 
results in a dataset that includes information on the actor pair that is involved in a specific encounter as well 
as the decision whether a leisure relationship between them is present or not. 
The paper aimed to identify effects that are of influence on that choice in the context of a utility-based 
friendship-formation model. In order to explain the decision on a relationship, agents’ socio-demographics 
and the geographical distance between a pair of actors was used. After focussing on descriptive statistics to 
introduce basic patterns of the simulated network, agents’ characteristics were used to calculate variables 
that inform about similarities or dissimilarities between an actor pair (homophily and heterophily), the 
proportion of characteristics (if at least one agent has a certain characteristic), and interaction effects 
between these proportions themselves and these proportions and distance. The most important effect results 
from distance. This finding is accompanied by other main effects resulting from either homophily and 
heterophily or other characteristics of an encounter. All main effects resulted in meaningful utility scores 
for which an interpretation was provided. However, interpretations were challenging for some interaction 
effects as they are more or less isolated. 
The model offers insights into the decision of who is in contact with whom and which combinations of 
attributes either have an increasing or decreasing effect on the utility of a leisure relationship. Results can 
be used for generating a population-wide social network in simulations. Employing a logit transformation 
formula allows a calculation of probabilities from utility scores. These probabilities allow an answer on the 
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question if there is a leisure relationship between any pair of actors in a synthetic population. In this way 
not only leisure relations but an entire population-wide leisure network can be implemented in an agent 
based travel simulation. Recalling that leisure travel is often performed to join others in leisure activities, 
this allows the consideration of a relevant behavioural pattern in simulations and with that a more detailed 
understanding of leisure trips. In this sense the paper presents highly demanded work, which is to our 
knowledge novel and unique not only to the field of transport planning. 
Before model results are applied to an agent based simulation the step of the network generation has to be 
repeated employing data from the Micro-census 2010 (instead of 2005). Due to an overlap in time between 
the paper and the publication of MZMV 2010 this was not possible for the present paper. However, 
employing the MZMV 2010 and re-estimating the decision model will result in more actual figures. 
Furthermore, the network generation approach holds the potential of considering a time dimension for 
relationships (e.g. evolving new ties and abandoning older ones). Whilst the snowball sample did not 
collect data on such processes there are other survey studies, which include such topics (see Sharmeen et al., 
2010. In addition, it could be worth to extend the framework in direction of a distinction between strong 
(emotionally important contacts) and weak (emotionally less important contacts) relationships. Several 
research efforts have proven that there are important differences between these two kinds of contacts (e.g. 
see Granovetter, 1973; Marsden, 1987; McPherson et al., 2006). A utility based decision model on a 
dependent variable with three levels (no, weak, or strong relationship) could help to identify further details 
on the link between leisure contacts and leisure travel. Finally, a data enrichment in the network generation 
would allow to address more personal characteristics in the analysis. 
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